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Subject: Hydraulic model s tud ies  of Willow Creek. Dam aux i l i a ry  spillway 

Hydraulic model s tud ies  of Willow Creek Dam aux i l i a ry  spil lway 
( ~ i g u r e s  1, 2, and 3)  were made on a 1:15 sca le  model (Figures 4, 5, and 
6 )  f a r  t h e  purpose of developing and checking t h e  hydraulic design. Data 
and notes taken on t h e  flow i n  the  model showed t k e  preliminary design 
of t h e  U-shaped double-side channel spi l lway structlrre i n  general t o  be 
s a t i s f a c t o r y .  The width of t h e  "U" and t h e  c r e s t  length were s u f f i c i e n t  
t o  prevent c r e s t  submergence except f o r  discharges g rea te r  than t h e  
design capacity.  It  was found, however, t h a t  t h e  chute f l o o r  could be 
s irnplif ied f o r  prototype construction by el iminating t h e  s t e p  ( ~ i g u r e s  5 ,  
6,  and 7) located jus t   owns stream from t h e  double-side channel, c r e s t ;  
and t h a t  t h e  spillwzy chute should be extended approximately 100 f e e t  
f a r t h e r  downstrcax. 

Flow tnrouqh the p re l in ina ry  chute ( ~ i g u r e s  8 and 9) was 
s a t i s f a c t o r y ,  but it ves f e l t  t h a t  t,he s t e p  i n  the  chute f l o o r  was not 
beneficial.  i n  p r ~ d u c i n g  smooth flow. It was, the re fo re ,  elimineted i n  
t h e  recommended design (Figures 3 and 6) .  

Flow leaving t h e  preliminary s t r u c t u r e  had a tendency t o  scour 
a deep hole near the end of t h e  chute ( ~ i g u r e s  16, 17, and l o ) ,  therefore ,  
t h e  chute was extended approximately 100 f e e t  downstream. Thus, erosion 
which night  occur near the  end of t h e  chut,e would not endan~er  the  nearby 
access road ( F ' i e r s  2 ) .  Attemnpts t o  "pitch" ttie flow downstream, away 
from t h e  toe  of t h e  chute, by means of c def lec to r  bucket were not 
successful  because of the r e l a t i v e l y  low veloci ty  of t h e  flow. The per- 
formance of the recomccnded design i s  shown i n  Figures 15, 19, and 20. 

Celibrat ion of t h e  model spillway (Figure 12)  and pressure 
.1 t e s t s  (Figure 13) showed t h e  c r e s t  p r o f i l e  t o  be e f f i c i e n t l y  designed and 

* without subntmos~heric pressures. 'r!al;er surface p r o f i l c s  were recorded 
a i n  the  downstre~im chute ( ~ i g u r e s  21 and 22) t o  a i d  i n  determininc t h e  
II necessary t r a i n i n g  wall heights. 



25) were sa t i s fac to ry .  A minor disturbance a t  t h e  l e f t  i n l e t  wal l  
(Figure 23) was not object ionable.  

INTRODUCTION . 
Willow Creek Dam i s  a p a r t  of the  Colorado-Big Thompson Project .  

It is located  on Willow Creek near Granby, Colorado, Figure 1. The d m ,  . . 
Figure 2, i s  an e a r t h - f i l l  embankment approximately 1,050 f e e t  lone  and 
105 f e e t  high above t h e  r i v e r  bed. The a u x i l i a r y  spillway and a pump 
canal  headworks i s  located on t h e  l e f t  abutment, while the o u t l e t  vorks 
tunnel  passes through t h e  r i g h t  abutmc,:t. 

The aux i i i a ry  spillway, Figure 2, cons i s t s  of a wide-spillway 
approach chenncl; e concrete U-shnped double-side channel c r e s t  s t ruc tu re ;  
a concrete discharge chute ;  and a r iprap-l ined discharge channel extending 
downstream f ron  the  concrete chute. The concrete spillway s t r u c t u r e  i s  
shown in  Figure 3 .  It includes two i n l e t  r e t a i n i n c  wal ls  and a br idse ,  
a s  well  as t h e  double-side channel. c r e s t  and chute. The spil lway approach 
channel, Figure 2, is a t  e levat ion 8128 Jus t  2 f e e t  below t h e  e levat ion 
of t k e  weir c r e s t .  The weir crest  is  a t  e levat ion 8130 o r  12 f e e t  above 
t h e  upstream end of t h e  c h - ~ t e ,  end the  upstream end of the chute i s  25.22 
f e e t  higher than the. downstream end. The chute f l o o r  width var ies  from 
1 4  f e e t  t o  17 f e e t  4 inches and i s  345 feet. long mersured hor izonta l ly .  

The maximum design water swiface e levat ion is  jus t  3 f e e t  
above t h e  c r e s t  at which e lsvat ion t h e  spillway is designed t o  pass 
3,100 second f e e t .  Crest  length is approximately 300 f e e t ;  therefore ,  
t h e  maxinun design flow per  u n i t  foot  of c r e s t  length i s  only approxi- 
mately 10 second f e e t ,  but the  flow per  u n i t  foo t  of chute width is 
approximately 200 second f e e t .  The dosmstream 22.29 f e e t  c~f chute con- 
sists of a 60-foot radius de f lec to r  bucket which d i r e c t s  t h e  flow s l i g h t l y  
upward and i n t o  t h e  discharrje channel. Flow from the  discharge channel 
then s p i l l s  out and over a mildly sloping h i l l s i d e ,  re-entering Willow 
Creek at  the  foot of t h e  h i l l .  

THE MODZL 

The model shown i n  Figures 4, 5, and 6 is n 1:15 s c a l e  repro- 
duction of the  aux i l i a ry  spillway and surrounding area. It was constructed 
and t e s t e d  i n  t h e  Bureau of Reclanation Hydraulic Laboratory a t  t h e  
Denver Federal Center. 

Topography i n  t h e  reservoir  a rea  was reproduced approximately 
. 

60 f e e t  upstream from t h e  U-shaped spillway, and approximately 90 f e e t  
. 



nownstrcom from the end of t h e  pre l iminary  chute,  t h e  t o p o ~ r a p h y  was 
reproduced f o r  a d i s t m c e  of epproximatcl] 37 feet t o  t h e  r i g h t  and c2 
f e e t  t o  t he  l e f t  of t he  sp i l lway c e n t e r  l i n e .  

'0 

Togo~rnphy i n  t h e  r e s e r v o i r  a r e a  of t h e  ~ o d c l  was m ~ l d e d  of 
conc re t e  mort,r placed on metol l a t h e  which had been n a i l e d  over wooden 
templa tes  shaped t o  t h e  p r o f i l e  of t h e  ground sur face .  Flodel. concre te  
s u r f e c e s  s imula t ing  nonconcrete su r f aces  of  the p r n t o t n e ,  such a s  
topography, were given a rough f i n i s h  rrhile concre te  su r f aces  sinulatj.n!: 
p ro to type  concrete  su r f  aces  >rcrc giver1 a sraooth f i n i s h .  ' fopo,~raphy i n  
t he  downstream e rea  was f o r ~ e d  i n  3/8-inch crushed rock i n  o rde r  Lo pro- 
v ide  a moveble bed i n  which t o  s tudy  t h e  e ros ion  c h a r e c t e r i s t i c s  o f  the 
flow l eav ing  t h e  s t r u c t u r e .  

The sp i l lway c r e s t ,  chute ,  and d e f l e c t o r  bucket were molded 
jn cement mortar.  Sheet metal  templates ,  accu ra t e ly  c u t  and placed,  
were used a s  guides.  Piczomcters over t h e  sp i l lway c r e s t  cons i s t ed  of 
1/16-incb inside-diemeter copper t ubes  t h a t  were so ldered  at r i g h t  angles  
t o  t h e  p r o f i l e  of t h e  template  and f i l e d  f lu sh .  

'dater was suppl ied  t o  the model from t h e  l e b o r a t o r y ' s  germanent 
supply system. The d ischarge  was rneasured by v e n t u r i  :neters. The 
r e s e r v o i r  e l eva t ion  was measured wi th  a hook gage i n   ell loca t ed  approxi- 
mately es shown i n  Figure 4. The t a i l  water  e l eva t ion  wes t o  be uncon- 
t r o l l e d  and, t he re fo re ,  no t a i l  watcr e l e v a t i o n  measuring device  was 
needed. The t a i l  water  c o n t r o l  g a t e  shown i n  F i ~ r e  4 was provided f o r  
o t h e r  purposes,  Water su r f ace  e l eva t ions  over t h e  sp i l lway c r e s t  and 
chu te  were measured wi th  a s l i d i n g  poin t  gage mounted on r a i l s  a s  shown 
i n  F igure  5. Spi l lway c r e s t  p ressures  w e r e  measured us ing  10  piezometers 
on t h e  sp i l lway c e n t e r  li.ne shown i n  F i s r e  4. 

THE INVEST ICAT I O N  

The inves2iga t ion  w a s  concerned with t h e  o v e r - a l l  performance 
of t h e  double-side channel sp i l lway and w i t h  the  e ros ion  caused by t h e  
flow f r o n  t h e  d e f l e c t o r  a t  t h e  end of t h e  chute.  The edequzcy of t h e  
nsrrow U-shaped double-side channel c r e s t  s t r u c ~ u r e  i n  d ischarg ing  t h e  
maximum des ign  d i scha r se  o f  3,100 second f e e t  was of  primary concern. 
This discharge  corresponds t o  approximately 10 second f e e t  pe r  foot  o f  
c r e s t  l eng th  with a head o f  2 f e e t  on t h e  c r e s t ;  however, t h e  discharge 
i n  t h e . c h u t e  i s  aporoximately 200 second f e e t  pe r  f o o t  of width. The 
i n v e s t i g a t i o n  was a l s o  concerned v i th  t h e  sp i l lway d i s c h a r g i n ~  a r e a t e r  
amounts up t o  a maximum emerk:ency d ischarge  of 5,200 second f e e t  which 
might occur  if t h e  sp i l lway was req~iired.  t o  d ischarge  t h e  out l .e t  works 
flow of  approximately 2,000 second feet i n  add i t i on  t o  the design flow 
o f  t h e  sp i l lway.  



operated as  intended and t o  study erosion p a t t e r r s  over t he  e n t i r e  d i s -  
charge range. The model study included t he  t e s t i n g  of t h e  approach, the  
double-side channel c r e s t ,  t h e  c r e s t  p ro f i l e ,  the ,chu te ,  t he  de f lec to r  
a t  t he  end of the chute, and the  erosion caused by t h e  flow leaving the  
chute,  

Spillway Crest and Chute 

Preliminary Desiqn 

Description. The preliminary design is  shown i n  Figure 7. 
The U-shaped c r e s t  w a s  approximately 300 f e e t  long measured along t he  
c r e s t  ax i s .  The over-al l  length of t h e  chute was 245.50 f e e t  measured 
hor izonta l ly  from Sta t ion  1+00. The over-a l l  width of t he  s t ruc tu re  
varied from 38 f e e t  1-3/4 inches wide at S ta t ion  2+30, the  downstream 
end of t he  U-shaped c r e s t ,  t o  31 f e e t  6 inches wide a t  S ta t ion  1+00, 
the  upstream end. The chute f loor  was 1 5  f e e t  wide from Sta4cion 1+00 t o  
S t a t i on  2+40 and sloped downstream a t  t h e  rate of 0.05 foot  per foot  of 
hor izonta l  length. A c r e s t l i k e  s t ep  o r  r i s e  i n  t he  f l oo r  a t  S ta t ion  2+40 
was 3 f e e t  4 inches high. The chute f loor  width was 10 f e e t  4 inches 
wide downstream from the  s t ep  and sloped downstream t o  the  def lec to r  a t  
t h e  r a t e  of 0.0362-foot drop i n  1, foot  of h ~ r i z o n t a l  length. The 
de f l e c to r  a t  t he  end of the chute was a v e r t i c a l  curve i n  t he  chute f l oo r  
t h a t  rose  3 f e e t  i n  a hor izonta l  distance of 9 f e e t  6 inches. 

Flow charac te r i s t i c s .  Flow approaching t h e  s t ruc tu re  eppeared 
t o  be very s a t i s f  nctory . ~ h r ~ u ~ i ~ o u t  the  s t ruc tu re  flow cha rac t e r i s t i c s  
were very good f o r  a l l  discharges up t o  L,40C second f e e t  and were 
acceptable up t o  the maxixuq poss ible  discharge of 5,200 second f ee t .  
The flow moved through t he  s t ruc tu re  smoothly and without undue distxrbance 
as shown i n  Figure 8 f o r  the  design discharge of 3,100 second f ee t  and 
fo r  5,200 second f ee t .  

For discharges less than 4,400 second f e e t ,  t h e  fiow enter ing 
t h e  chute of the  double-side chixnnel spillway created a b o i l  along t h e  
cen te r  l i n e  of t he  U-shaped s t r uc tu r e  as  shown i n  Figure 9. The U- 
shaped s t ruc tu re  was su f f i c i en t  t o  d i s c n e r ~ e  flows up t o  approximately 
4,400 second f e e t  before any p a r t  of the  crest, became submerged. 

For discharges of  h,h00 second f e e t  and over; the  b o i l  could 
not be detected i n  the  upstreavi port ion of the  s t r uc tu r e  because t he  
c r e s t  i n  t h i s  v i c in i t y  was submerged as shown i n  Figure 9. For 5,200 
second f e e t  discharge, the  wzt,er surface downstream from the  U-shapad 
spillway above t h e  s.t;ep i n  t h e  chute f l oo r  was r a the r  rough end i rregu- 
lar. I t  was believed t h a t  the  s t ep  i n  the  chute f l oo r  was pa r t l y  
responsible f o r  the  rough water surface encountered. 

-. 
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5,200 second fee t  along the chute center l i n e  as sho* i n  Figure 10.' 
Transverse water surface prof i les  were a lso recorded at several  s ta t ions  
along the center l i n e  as shown i n  Figure 11. 

Calibration. Calibration of the spillway c res t  disciosed the  
capacity of the spillway fo r  the  design reservoir  elevation t o  be 3,050 
second f ee t  as shown by the  discharge curve i n  Figure 12 which is very 
close t o  the  anticipated flow of 3,100 second fee t .  The effici-ency of 
the  c r e s t  was indicated 5y the coefficient of discharge "c" i n  the 
discharge equation: 

Q = CLH 3 / 2  

where 

Q i s  the  t o t a l  discharge 
L i s  the  length of the c res t  l ine ,  a d  
H i s  the  hcad of water on the c res t  

The coeff ic ient  of discharge i s  plotted agaiiist reservoir  elevation i n  
Figure 12 and indicates an e f f ic ien t  design. For "he design reservoir  
elevation the coefficient i s  about 3.62 and even la rger  f o r  lower 
reservoirs.  

For emergency discharges of 4,400 second f ee t  and above, the 
U-shaped spillway c res t  became pa r t i a l l y  submerged as indicated by the 
abrupt change i n  the direction of the discherge curve and by the rapid 
decrease in  the value of the coeff ic ient .  For the maximum possible 
emergency flow of 5,200 secorld fee t , the  U-shaped c re s t  became almost 
completely submerged and the r e ~ e r v o i r  rose t o  approximately eleyation 
8133.4. 

Since the coeffi.cient of discharge "C" was re la t ive ly  high ar.d 
s?nce submergence of the  c res t  did not increese excessively the reservoir  
elevation for high discharges, the  s p i l h a y  was considered t o  be sa t i s -  
factory both i n  the  arrangement of the "U-shape" and in  the  cross- 
sect ional  shape of the c res t  prof i le .  

Pressures. Pressures on the splllwcy c res t  were checked a t  
the  upstream end on the center l i n e  of the spillway with the  1 C  piezometers 
shown in  Figure 4. Pressures were recorded f o r  discharges of 1,000, 2,000, 
3,100, 4,000, and 5,200 second f ee t  as  shown in  Figure 13. A l l  pressures 
were nesr atmospheric or  above. Except where the nappe was submerged, the 
nappe exerted only a very s l i gh t  pressure, i f  ary, on the c res t  prof i le ;  
therefore, the  c res t  was shaped as  e f f ic ien t ly  as possible without designing 
it fo r  subatmospheric pressures. l 
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cres t  and the  shape of the c res t  p ro f i l e  r r e  en t i re ly  sat isfactory;  
therefore,  both featur.8 are  recommerlded f o r  the  prototype without 
change. However, the  s tep  in  the  chute f loor  appeared t o  have'no bfne 
f i c i a l  e f fec t ;  and f o r  discharges near the  maximum of 5,200 second Pee 
it was thouptit t o  be responsible f o r  par t  of the  surface roughness. 
Therefore, it was decided t o  eliminate the  s tep before making fur ther  
t e s t s .  

Chute D e s i ~ n  No. 2 

Description. In  spillway Chute Design No. 2 only the chute 
f loor  w a s  chansed as  shown i n  Figure 7. The s tep in  the  preliminary 
design was eliminated by ra i s ing  the f loor  upstream from the s tep  t o  the 
sane slope as the f loor  downstream. The elevation of the  f loor  a t  the 
upstreem end and the downstream end was the same as in  the  preliminaw 
design. 

Flow character is t ics .  Flow in  the chute of the  double-side 
channel spillway is  shown i n  Figure. 14 f o r  discharges of 3,100, 4,000, 
and 5,200 second feet .  Flow was as  smooth and uniform as fo r  the  pre- 
liminary design and even a l i t t l e  smoother in the v ic in i ty  of the  
former step. - 

Water surface prof i les  are shown i n  Figures 10 and 11 f o r  dis-  
charges of 2,000, 3,100, and 5,200 second fec t .  The water surface 
followed the same pattern as fo r  the  preliminary design but was a l i t t l - e  
higher i n  the  portion of the chute between the  two cres t s .  The higher 
water surfece occurred because t h r  chute f l ao r  vas higher cnd not so 
steep. 

Calibrat  iorr . Discharge md coefficient of discharge curves 
obtained from the cel ibrat ion t e s t s  of Design Ito. 2 are shown i n  
Figure 11. The cal ibrat ion t e s t s  shorred thar. the higher water surface 
in  the upstream chuZc subnerqed the crest et approximately 3,900 second 
feet .  Therefore, approximately 0.6 of a foot core r c sc r l~o i r  head was 
required, t o  discharse 5,200 second f e e t  thnn before. For discher~(es  of 
3,900 second fee t  or  l ess ,  the discharge curve and coeff ic ient  of 
discharge curve were ident ical  t o  the prel i r inary design. 

Conclusions. The cilufe performed as well i f  not ke t t e r  than 
_ _ C  

w i t h  the preliminary s tep design. However, Design No. 2 was abandoned 
beceuse of the higher reservoir elevaticrn required t o  discharge 5,200 
second feet .  It was decided t o  lower t h e  upstream end of the chute so 
tha t  n lower reservoir  elevation would be r e q ~ i r e d  t o  discharge 5,200 
seconb feet .  



Descript ion.  Chute Design No. 3 i s  shown i n  F i ~ u r e  7. The 
upstream e% of t h e  slop in^ chute f l o o r  w a s  lowered 1 foo t  below t h a t  
o f  t h e  two previous designs.  The e l e v a t i o n  of' t h e  downsiirearri end of t h e  
chute remained unchanged. 

.I 

Flow c h a r a c t e r i s t i c s .  Flow i n  t h e  chute  of t h e  double-side 
channel i s  shown i n  F i p r e  15 f o r  d i scharges  of  1,000, 3,100, h,000, and 

c' 5,200 second f e e t .  As i n  t h e  pre l iminery  desiyn,f'low condi t ions  were 
cxcc l l en t  for a l i  d i scharges  except  f o r  some w a t e r  su r f ace  roughness i n  
t he  chute downstream from t h e  double-side channel f o r  emergency d i s -  
charges near  5,200 second f e e t .  However, t h e  perforrnance f o r  t hese  high 
discharges cppeared t o  be improved over t h a t  i n s t h e  pre l iminary  design. 

Water su r f ace  p r o f i l e s  were recorded f o r  d i scharges  of 2,000, 
3,100, and 5,200 second f e e t  as shown i n  F igures  10  and 11. The water 
sur face  i n  t h e  upstream p o r t i o n  of t h e  chute  was lower than  i n  Design 
No. 2 but  s t i l l  a l i t t l e  h igher  than  i n  a r y  design.  I n  t h e  
downstream por t ion  of t h e  chute  t h e  wate s lower than  i n  t h e  
pre l iminary  design.  

Ca l ib ra t ion .  Discharge and c o e f f i c i e n t  of d i scharge  curves 
obtained from t h e  c a l i b r a t i o n  d a t a  are sho-m i n  Fi,qre 12. Up t o  approx- 
imately 4,300 second f e e t  t h e  curves a r e  i d e n t i c a l - t o  t hose  f i r  t h e  
pre l iminary  design. A t  approximately 4,300 second f e e t ,  t h e  c r e s t  was 
submerged which i s  a s l i c h t l y  lower d ischarge  than  f o r  t h e  prel iminary 
design. A t  t h e  rnaxirnu~ discharge  approximately 0.2 f o o t  higher  r e se rvo i r  
e l e v a t i o n  was requi red  t o  d ischarge  t h e  flow. However, approximate1.y 
0.4 f o o t  less head was r equ i r ed  than f o r  Design No. 2. Th i s  a l ignnent  
o f  t h e  chute  f l o o r  was, t he re fo re ,  considered t o . b e  adequate by t h e  

Erosion. Since t h e  c r e s t  and chute f l o o r  were s a t i s f a c t o r y ,  
t e s t s  were conducted on seve-ral v a r i a t i o n s  i n  t h e  d e f l e c t o r  bucket a t  
t h e  downstream end of  t he  chute.  Five-rr.inute e ros ion  tes ts  us ing  2/8- 
inch  crushed rock i n  t h e  movable bed were run with t h e  design flow c f  
3,100 second f e e t  t o  determine t h e  t r e n d  of  t h e  e ros ion .  Comparison st' 
e ros ion  p a t t e r n s  f o r  var ious  arrangements helped t o  eva lua t e  each 
proposal.  

c .  No d e f l e c t o r . - - F i r s t  t c s t s  were made wi th  no d e f l e c t o r .  
fhe  e ros ion  t e s t  i n  progress  a f t e r  2 minutes and 5 minutes i s  shown 

'I i n  Figure 16 along with t h e  e ros ion  p a t t e r n  a f t e r  5 minutes of 
operat ion.  The cros ion  appeared t o  be ex tens ive  i n  t h e  model, kut  
t h i s  vould ao t  n e c e s s a r i l y  be t r d e  i n  t h e  pro to type  since t h e  . prototype ma te r i a l  is  be l ieved  t o  be capable of  r e s i s t i n g  e ros ion  



tendency, though, t o  scour  a deep hole  near  t h e  end of t h e  s t r u c t u r e  
and t h i s  tendency would a l s o  be p re sen t  i n  t h e  prototy-pe s t r u c t u r e ,  
The s i z e  and e x t e n t  o f  t h e  eroded h o l e ~ r e s h o w n  i n  Figure 17. 

b. Prel iminary deflector.--The pre l iminary  d e f l e c t o r  design 
was i n s t z l l e d  f o r  t h e  next tests. The d ischarge  channel was molded .= 

t? t h e  e l e v a t i o n  of  t h e  d e f l e c t o r  l i p  o r  about 3 f e e t  higher  than  i n  
t h e  previous t e s t .  It w a s  hoped t h a t  t h e  scour  hole  would occur  
f a r t h e r  from t h e  s t r u c t u r e .  f 

A t e s t  shown i n  1ie;ure 18 found t h a t  t h e  flow was not  
d e f l e c t e d  f a r t h e r  downstream because t h e  v e l o c i t y  was too  low. The 
deepes t  p o i n t  i n  t h e  scour  hole  a c t u a l l y  occurred c l o s e r  t o  t h e  end 
o f  t h e  s t r u c t u r e  than  i n  t h e  previous  t e s t  when no d e f l e c t o r  was used, 
as shown i n  F igure  17. The e l e v a t i o n  of  t h e  deepest  po in t ,  however, 
was zbout 3.5 f e e t  h igher  than  be fo re  s i m e  t h e  e l e v a t i o n  of t h e  
channel  a t  t h e  beginning of  t h e  t es t  was 3 f e e t  higher .  The hole  
was a l s o  n l i t t l e  wider,  bu t  not  so  long as f o r  t h e  preceding test .  

Recap i tu l a t ion .  Heal i~ . . rng  t h e  chute  f l o o r  and removing t n e  
s t e p  made t h e  chute e z s i e r  t o  cons t ruc t  a ~ d  provided s a t i s f a c t o r y  flow 
cond i t i ons  throughout t h e  s t r u c t u r e .  Although 0.2 f o o t  more head was 
r equ i r ed  t o  pas s  t h e  maxin~um f lood  than  wi th  t h e  pre l iminary  d e s i c  no 
difference was cieasurable f o r  the usua l  f l o w  up t o  4,300 second f e e t .  
A t  t h e  dovnstream end o f  t h e  chute  e ros ion  occurred c l o s e  t o  t h e  
s t r u c t u r e  whether o r  not  a  d e f l e c t o ~  was used. Therefore,  t h e  
des igne r s  f e l t  t h a t  it w a s  necessary t o  extend t h e  chute  f a r t h e r  dawn- 
s t r e a n  s o  i h a t  t h e  e ros ion  would not  endanger t h e  nearby access  road t o  
t he  t o p  of  t h e  d m  sho-*rn i n  Figure 2. 

Recoinmended Design 

Descr ip t ion .  The recommended design u t i l i z e d  t h e  u p s t r e m  
p o r t i o n  of  Chute Design No. 3 shown i n  F igure  7 b u t  wzs extended 
approximately 100 f e e t  f s r t h e r  downstrem as G ~ G W ~  i n  F igures  2 and 3. 
A t  t h e  end cf  he longer  chute  a d e f l e c t o r  was i n s t a l l e d  t o  d i r e c t  t h e  
flow upward and &way from t h e  channel  bed. 

Flow c h a r a c t e r i s t i c s ,  c a l i b r a t i o n ,  ,and e ros ion .  Tu? recom- 
mended des ign  is shown ope ra t ing  i n  Figures  19 and 20. Flow i n  t h e  
double-side ctiannel po r t ion  of t h e  chute  was not  changed from t h a t  i n  
Design No. 3 shown i n  F igure  15. Therefore ,  water  su r f ace  p rof i les  i n  
t h a t  p o r t i o n  of the  chute ,  F igures  10 and 11, rind the  d ischarge  c a l i b r a -  rn 

I t i c n ,  F igure  12, werc t h e  same f o r  the  recommended design as for Design 
Iio. 3.  













Model layout 

U-shaped double side channel spillway 

WILLOW CREEK DAM ABUJLWRY SPILLWAY 
M3del Views - -Preliminary Design 

I: 15 Scale Model - 







I 

Design discharge 3, 100 second-feet 5,200 second-feet 

WlLLOW CREEK DAM AUXILZARY SPILLWAY 
Preliminary Dssign--Flow Through The Structure 

1: 15 Scale  Model 



w D.esign discharge 3,100 second-feet 4,000 second-feet 
-<. 

WILLOW CREEK DAM AUXILIARY SPILLWAY 
Preliminary Design--Flow In The Double Side Channel Chute 

1: 15 Scale Model 
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REPORT HYD. 356 

R E S E R V O I R  E L E V A T I O N  - F E E T  

1 Y Note: Lenqht at Sp111w0y Crest -rs' is  
measured along the crest aris 

! 
0 t  E1.8130. 

W I L L O W  CREEK DAM A U X I L I A R Y  S P I L L W A Y  
SPiLLWAY OISCHARGE AND COEFFICIENT OF DISCHARGE CURVES 

I '  I S  S C A L E  MODEL 



CREST EL.BlJO.O,, 

--- 
NOTES . 

@ Designate piezometer locations. 

PRESSURE SCALE - F E E T  

W I L L O W  CREEK D A M  A U X I L I A R Y  S P I L L W A Y  
C R E S T  P R E S S U R E S  

I : IS M O D E L  



Design discharge 3,100 second-feet 4.000 second-feet 

WILLOW CREEK DAM AUXlLLAWY SPILLWAY 
Flow Through Double Side Chamel Chute of Design No. 

1:15 Scale Model 

5.200 second-feet 



4, W seeond-feet 5,200 second-feet 

Ilote This portion of the chute is the same for the Recommended 
Design as  for Design No. 3. 

WILLOW CREEK DAM AUXILIARY SlPEtLWAY 
Flow Through The Double Side Channel Chute 

Of Design No. 3 and Recommended Design 
1: 1 5  Scale Model 



,Flow appearance after 5 minutes operaticia 

Emrdoe after 5 minute model test 

WILLOW CREEK DAM A W U R Y  SPILLWAY 
Erosion Tent--Chute Design No. 3 With No Deflector 

Design Dischar 6 3,100 Socod-feet 
1: 15 #=ale Yodel 







Flow in chute 

WILLOW CREGK DAM AUXELIARY SPILLWAY 
Recommended Design--Flow Through The Structure 

Design DiSchmge 3.100 Second-feet 
I: 15 Scale Model 



Flow in extended chute -, recornmeadd deflector 

Flaw in chute 

WILIaOW CREEK DAM AUXILIARY SPlLLWAY 
Recommended Design--Flow Through The Structure 

5,200 Second-feet 
1:15 Scale Model 
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Design discharge - 3,100 second-feet 
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4 WILLOW CREEK DAM AUXILIARY ,SPILLWAY 3": 

Flow In The Spillway Approach W 

1: 15 Scale Model cn m 



Design discharge - 3,100 second-feet 4.000 second-feet 

WILLOW CREEK DAM AUXILLARY SPXLLWAY 
Flow Currents In The Spillway Approach 

Sheet 1 of 2 1: 15 Scale Model 



4,500 second-feet 5.200 second-feet .. 
d &  

WILLOW CREEK DAM AUXILIARY SPILLWAY 
Flow Currents In The Spillway Approach 

1:15 Scale Model 


